ABSTRACT. Amplified fragment length polymorphism (AFLP) analysis was carried out on representative individuals of wild Haliotis asinina using 64 primer combinations. Nine polymorphic AFLPs were cloned and sequenced. Sequence-specific primers were designed from six AFLP-derived fragments. Three sequence-characterized amplified region (SCAR) markers (HaSCAR 320 , HaSCAR 295 , HaSCAR 327 ) were selected for genotyping of 8-month-old domesticated stocks of H. asinina cultured separately at Sichang Marine Science Research and . We suggest that abalone from the east coast population have better survival rates under cultivated conditions than those from the west coast population.
INTRODUCTION
Abalone are marine gastropods distributed worldwide along temperate and tropical coastal areas (Geiger, 2000) . Fifty-seven extant species are recognized and over 15 species, mainly the temperate species, are farmed and commercially important (Jarayabhand and Paphavasit, 1996; Evans et al., 2001 ). The total world production of abalone was approximately 22,000 metric tons in 2002. Of which, 8696 metric tons were from aquaculture (Gordon and Cook, 2004) .
In Thailand, three species of tropical abalone: Haliotis asinina, Linnaeus, H. ovina, Gmelin and H. varia, Linneaus, are found in Thai waters (Jarayabhand and Paphavasit, 1996) . Among these abalone, H. asinina provides the highest percentage (85%) of meat weight to total weight compared to that of H. ovina (40%) and H. varia (30%) (Singhagraiwan and Doi, 1993) . Therefore, H. asinina has a high value for the ''cocktail-sized'' (40-70 mm) abalone market, as is true for H. diversicolor supertexta in Taiwan (Jarayabhand and Paphavasit, 1996) .
Artificially propagated breeding programs and culture techniques for H. asinina are well developed. More importantly, H. asinina is a year-round spawning species. The spawning cycle is highly predictable. Therefore, H. asinina is the target species for the culture industry in Thailand (Selvamani et al., 2000; Klinbunga et al., 2004; Tang et al., 2004) .
The basic information on genetic population differentiation and levels of genetic diversity of H. asinina in Thai waters is necessary to improve the stock selection program and establish an effective selective breeding program for this species (Klinbunga et al., 2003) . In addition, molecular genetic markers that can be applied for genetic management in wild and domesticated stocks of H. asinina are also required. Klinbunga et al. (2003) examined genetic diversity of H. asinina originating from Samet Island and Cambodia (east), and Trang (west) by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) of 18S and 16S rDNAs. Restriction analysis of 18S rDNA P. Praipue et al. (nuclear) with AluI, TaqI, and HaeIII and 16S rDNA (mitochondrial) with BamHI, EcoRI, HaeIII, and AluI gave 12 and 13 digestion patterns, respectively. A total of 49 composite haplotypes were obtained from all single haplotypes. Geographic heterogeneity and F ST analyses did not reveal genetic differentiation between H. asinina originating from the Andaman Sea (west) and the Gulf of Thailand (east, P > 0.05) suggesting the panmictic gene pool of Thai H. asinina. The lack of genetic heterogeneity of H. asinina in Thai waters should be confirmed by other genetic markers.
The breeding program of H. asinina at Sichang Marine Science Research and Training Station (SMaRT), Chulalongkorn University, has been carried out for more than a decade. Founders of the established stocks were originated from various geographic locations of both the Gulf of Thailand (east) and the Andaman Sea (west). As a result, levels of genetic diversity and patterns of gene pools of the present domesticated stocks should be examined by appropriate genetic markers to reveal possible changes in variability caused by genetic drift, inbreeding, or selection (Allendorf and Ryman, 1987; Cruz et al., 2004) .
Amplified fragment length polymorphism (AFLP) analysis (Vos et al., 1995 ) is a PCR-based multilocus fingerprinting technique that combines the strengths and overcomes the weaknesses of PCR-RFLP and random amplified polymorphic DNA (RAPD)-PCR (Williams et al., 1990) . AFLP analysis has been used for indirect examination of levels of genetic diversity in several species (Li et al., 2006; Khamnamtong et al., 2006; Yu and Chu, 2006; Zhang et al., 2007; Gruenthal and Burton, 2008; Zhao et al., 2009) .
The major strengths of the AFLP method include simultaneous screening of a large number of polymorphic loci, high reproducibility due to high stringency of PCR, and relative cost effectiveness (Lui and Cordes, 2004) . Moreover, it does not require any prior molecular information about sequences under investigation and is thus especially applicable to species in which the genome sequences are not well characterized, like H. asinina. More important, taxonomically specific fragments and/or polymorphic fragments can be converted to sequencecharacterized amplified region (SCAR) markers for different applications (Khamnamtong et al., 2006; Klinbunga et al., 2007) .
Recently, single-strand conformational polymorphism (SSCP) has been applied for examining genetic diversity in various species (Orita et al., 1989; Khamnamtong et al., 2005; Klinbunga et al., 2006) . The major advantage of SSCP is that variations differing by one or a few substitutions could be detected (Orita et al., 1989) . Therefore, SSCP is one of the potential techniques for detection of genetic polymorphism at different taxonomic levels.
The objective of this study was to develop polymorphic molecular markers derived from candidate population-specific AFLPs. SSCP was further carried out to reveal geographic differentiation of wild abalone and subsequently, to examine genetic diversity, the pattern of gene pools and stock origin of domesticated H. asinina. Different contribution levels of founders from the Andaman Sea and the Gulf of Thailand to the present domesticated stocks were found and reported for the first time in this species.
MATERIAL AND METHODS

Samples
Wild specimens of H. asinina were collected from Talibong Island, Trang province (TRGW, N = 25) located in the Andaman Sea and Cambodia (CAME, N = 22) located in the Gulf of Thailand. The P 0 progeny established from founders originating from Samet Island, Rayong province (SAME, N = 20) were also included for population genetic studies ( Figure  1) . Moreover, the 6th-generation progeny (8 months old) cultured separately at Sichang Marine Science Research and Training Station (CSMaRTH, N = 95) and at a hatchery in Trang province (CTRGH, N = 40) were also collected ( Table 1 ). The domesticated stocks were established from approximately 200 founders, originating from both coastal sides of the Thai peninsula, by mass spawning. Closed life cycle breeding has been carried out for subsequent generations by random mating to avoid effects of inbreeding depression of the propagated stocks. Foot tissue or epipodial tentacles were dissected and kept at -30°C or in absolute ethanol until needed. 
DNA extraction
Genomic DNA was extracted from each abalone using a phenol-chloroform-proteinase K extraction method (Klinbunga et al., 2003) . The concentration of extracted DNA was spectrophotometrically determined and kept at 4°C until needed.
AFLP analysis
AFLP analysis was carried out according to a standard protocol (Vos et al., 1995) . Briefly, genomic DNA (250 ng) of two individuals each from TRGW and SAME was digested with EcoRI and MseI before ligation with restriction site-specific adaptors. Preamplification was carried out utilizing adaptor-specific primers with a single selective base (boldfaced and underlined) on each primer: E +A (5'-GAC TGA GTA CCA ATT CA-3') and M +C (5'-GAT GAG TCC TGA GTA AC-3'). The preamplification product was diluted 5-fold and selectively amplified with 64 primer combinations (E +ANN and M +CNN , Table 2), 1.5 units of DyNazyme II DNA Polymerase (Finnzymes), and 1 μL of the diluted preamplification product. PCR was performed with 2 cycles of denaturation at 94°C for 45 s, annealing at 65°C for 60 s, and extension at 72°C for 90 s, followed by 12 cycles of a touchdown phase where the annealing temperature was lowered 1°C after every cycle and additional 25 cycles of 94°C for 45 s, 53°C for 60 s, and 72°C for 90 s. The final extension was carried out at 72°C for 5 min. AFLPs were size-fractionated by 4.5-5.0% denaturing polyacrylamide gels and visualized by silver staining (Sambrook and Russell, 2001 Table 1 . Sample collection sites and sample sizes of Haliotis asinina specimens used in this study. 
Cloning and sequencing of AFLPs
Nine polymorphic AFLPs were excised from the gels. The eluted PCR product was reamplified by the original primers. The target band was ligated to pGEM-T Easy vector (Promega) and transformed into Escherichia coli JM109. Plasmid DNA was extracted and sequenced for both directions. The nucleotide sequence of an AFLPderived fragment was compared with those previously deposited in the GenBank using BlastN and BlastX (Altschul et al., 1990 , available at http://www.ncbi/nlm/nih.gov). Significant probabilities of matched nucleotides and proteins were considered when the E-value was <10 -4 .
Development of SCAR markers and SSCP analysis
Sequence-specific primers were designed from six AFLP-derived markers (Table 3). The amplification reaction was carried out on the genomic DNA of each abalone in a 15-µL reaction volume containing 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 , 200 µM of each dNTP, 0.4 µM of each primer, 1 unit DyNazyme II DNA Polymerase (Finnzymes) and 50 ng genomic DNA. PCR was performed by predenaturation at 94°C for 3 min, followed by 10 cycles of 94°C for 45 s, at 10°C above the annealing temperature of each primer pair for 1 min (Table 2) , with a reduction of 2°C every other cycle and extension at 72°C for 45 s, and 30 cycles of 94°C for 45 s, at the appropriate annealing temperature for 1 min (Table 3 ) and 72°C for 45 s. The final extension was carried out at 72°C for 10 min. The PCR product was electrophoretically analyzed through 1.5% agarose gels visualized under a transilluminator after ethidium bromide staining. Sizes of products were determined by comparing with a 100 bp-marker. AFLP For SSCP analysis, the amplification product of each specimen (6 mL) was mixed with 4 volume of the loading dye (95% formamide, 0.25% bromophenol blue, 0.25% xylene cyanol and 10 mM NaOH). The mixture was then denatured at 95°C for 5 min, and immediately placed on ice for at least 3 min. Non-denaturing polyacrylamide gel (12.5-17.5%; 37.5:1 crosslink) was used for analysis at 12.5 V/cm for 16 h at 4°C. SSCP patterns were visualized by silver staining. The nucleotide sequence of each SSCP genotype of HaSCAR 320 , HaSCAR 295 , HaSCAR 327 was direct-sequenced. Nucleotide divergence between sequences was calculated based on the two-parameter method (Kimura, 1980) .
Data analysis
The percentage of monomorphic (>95% of investigated specimens) and polymorphic (<95% of investigated specimens) bands and gene diversity (Nei, 1987) was estimated for each geographic sample. Unbiased genetic distance between pairs of samples was determined (Nei, 1978) . Genetic heterogeneity in allele distribution frequencies between geographic samples compared was examined using the exact test. The F ST -based statistics (θ) between pairs of samples, bootstrapping 10,000 iterations to generate the 95% confidence interval, was estimated. The χ 2 value was calculated and tested to determine whether θ was statistically different from zero (Weir and Cockerham, 1984) using χ 2 = 2Nθ(k -1) and d.f. = (k -1) (s -1), where N = number of investigated individuals, k = number of alleles per locus and s = number of geographic samples. Population genetic parameters described above were computationally analyzed by TFPGA (Miller, 1997) . The significance level of multiple comparisons was further adjusted using a sequential Bonferroni's method (Rice, 1989) .
RESULTS
Development of AFLP-derived SCAR markers
All screened primer combinations generated the amplification products ( Figure 2 ). In total, 1128 bands ranging from 100-600 bp in size were found and 462 (40.96%) of which were polymorphic. Of these, 166 and 174 bands were only observed in representative individuals of TRGW or SAME, respectively.
Four candidate population-specific AFLPs for TRGW and SAME and one polymorphic AFLP were converted to SCAR markers. Nucleotide sequences of cloned fragments did not match any previously deposited sequence in the GenBank (E-value > 10 -4 ) and were regarded as non-coding DNA segments in the H. asinina genome (Figure 3) Table 3 ) and tested against the genomic DNA of H. asinina. All primer pairs generated the positive amplification product (data not shown) but only HaSCAR 320 , HaSCAR 295 and HaSCAR 327 were polymorphic and further tested across wild specimens (CAME and TRGW) and the P 0 progeny of the SAME sample by SSCP analysis. -4, 5-8, 9-12, 13-16, and 17-20, respectively . Arrowheads indicate candidate population-specific AFLP markers. Lanes M and m are 100-and 50-bp DNA markers, respectively. 
Genetic diversity and intraspecific differentiation of H. asinina in Thai waters
Three, two and three SSCP genotypes were found from the respective SCAR markers (Figure 4) . SSCP genotypes between abalone from the Gulf of Thailand and Andaman Sea at the HaSCAR 327 locus did not overlap whereas a single individual from the west coast (TRGW) exhibited genotype A at HaSCAR 320 and HaSCAR 295 loci, which were commonly carried by examined individuals of CAME and SAME samples ( Table 4 ). The nucleotide sequence of the amplified product from an individual exhibiting each SSCP pattern of HaSCAR 320 , HaSCAR 295 and HaSCAR 327 was examined. Different SSCP genotypes of each SCAR marker could be differentiated by at least one single nucleotide polymorphism ( Figure 5 ). Genetic diversity and stock origin of domesticated H. asinina Six composite SSCP genotypes were found in wild abalone in this study. AAA, AAC and CAA genotypes were restrictively found in those from the Gulf of Thailand whereas ABB, BAB and BBB were only distributed in the TRGW sample (Table 5) . Nucleotide divergence between these composite genotypes was 0.10% (between ABB-BBB) and 1.46% (between ABB-CAA) (data not shown). The most parsimonious network inferred from polymorphic sites of sequences examined revealed 2 different lineages of composite genotypes perfectly corresponding to specimens from the Gulf of Thailand (I) and Andaman Sea (II), respectively ( Figure 6 ). Nucleotide differences within lineage genotypes (2-4 mutation steps) were lower than those between lineage genotypes (8 mutation steps) where an interconnection between the common AAA genotype (lineage I) and BBB (lineage II) required 14 mutation steps. Limited genetic diversity was observed in all wild samples. The average polymorphic bands and gene diversity of all primers in TRGW (23.08% and 0.0847) was slightly lower than that of SAME (30.77% and 0.0836) but greater than that of CAME (15.38% and 0.0617). Genetic distance between pairs of wild samples were 0.0154 (SAME and CAME), 1.0473 (TRGW and SAME) and 1.0926 (TRGW and CAME), respectively (Table 6 ). Genetic het-erogeneity was observed between different coastal regions (P < 0.0001 for the exact test and P < 0.001 for F ST -based statistics, θ) but not within the Gulf of Thailand (P > 0.05) ( Table 7) . SAME CAME TRGW CSMaRTH CTRGH SAME ns = not significant, * = significant at P < 0.017 following the sequential Bonferroni's adjustment (Rice, 1989) .
Genetic diversity of domesticated stocks (CTRGH and CSMaRTH) of H. asinina
Eight composite SSCP genotypes were found in the domesticated samples and only three of which (AAA, AAC and CAA) were observed in wild abalone (CAME and SAME) samples. These composite genotypes were also common genotypes in our domesticated abalone stocks (Table 5) . Composite BAA and BAC genotypes were found only in CSMaRTH while AAB and ABC were restrictively observed in CTRGH. The appearance of these composite genotypes reflected greater genetic diversity of the domesticated than wild stocks of H. asinina in this study (Table 6 ). Interestingly, composite ABB, BAB and BBB genotypes found in wild abalone from the Andaman Sea and regarded as members of the lineage II, were not found in the domesticated stocks (CTRGH and CSMaRTH) (Table 5 and Figure 6 ). All individuals of CSMaRTH (90/90; 100%) carried lineage I composite genotypes. Only 4 individuals of CTRGH (4/40, 10%) possessed the AAB genotype, which was parsimoniously recognized as a member of the lineage II genotypes (Figure 6 ). This indicated that the gene pools of domesticated stocks have been genetically contributed to by almost all brooders from the Gulf of Thailand.
Modest genetic diversity was observed in the domesticated stocks. The average polymorphic bands and gene diversity of all primers in CSMaRTH (23.08% and 0.0934) were comparable, but those of CTRGH (69.23% and 0.2322) were greater than those of wild stocks (see above). Limited genetic distance was observed between these and SAME and CAME (-0.0005-0.0565) but large genetic distance was observed when compared with the Andaman Sea sample (TRGW: 0.6951-1.0187; Table 6 ).
Genetic heterogeneity based on the exact test indicated that CSMaRTH and CTRGH were genetically different (P < 0.001). The gene pool of CSMaRTH was not different from wild abalone from the Gulf of Thailand (CAME and SAME; P > 0.05). However, genetic heterogeneity was observed between CTRGH and CAME (P < 0.017) and between both domesticated stocks and TRGW (P < 0.001) ( Table 7) .
DISCUSSION
Strong population genetic differentiation of wild H. asinina in Thai waters revealed by SSCP analysis of AFLP-derived SCAR markers
AFLP analysis is useful for a variety of evolutionary, ecological and population genetic studies (Khamnamtong et al., 2006; Zhang et al., 2007; Gruenthal et al., 2007; Gruenthal and Burton, 2008) . In this study, AFLP generated a large number of polymorphic fragments in screened H. asinina individuals. Some of which were regarded as candidate coastal-specific fragments. However, an AFLP approach is composed of several steps, which are tedious and time consuming, particularly when dealing with large sample sizes. As a result, we did not directly apply this approach for determination of genetic diversity of H. asinina in the present study. Instead, we converted AFLPs to SCAR markers. SSCP was further applied for rapid examining sequence polymorphism of the developed SCAR markers initially in geographically different samples and subsequently, in the present generation of our domesticated H. asinina stocks.
A total of 11 composite genotypes were generated from all single genotypes found from HaSCAR 320 , HaSCAR 295 and HaSCAR 327 . All composite genotypes could be related by at least two mutation steps. No direct intermediate genotypes were observed suggesting that the sample sizes should be increased from 202 individuals used in the present study to identify rare intermediate genotypes between their evolutionary lineages.
Two lineages of composite genotypes were clearly observed. Shared genotypes between abalone from different coastal regions were not found. Distributions of H. asinina composite SSCP genotypes clearly indicated the existence of strong intraspecific genetic differentiation within Thai H. asinina. The information also suggests that H. asinina from the Gulf of Thailand and Andaman Sea may have been colonized by two independent ancestral populations, one from the west, and one from the north.
Recently, genetic variation and population differentiation of the red abalone (H. rufescens) along the California coastline was examined by mitochondrial cytochrome oxidase subunit I (COI) sequence, microsatellites, and AFLP. COI sequences and microsatellite genotypes did not reveal significant genetic divergence among nine geographic samples of H. rufescens. In contrast, AFLP indicated significant divergence between five examined geographic samples in that study (P < 0.001). However, no population-diagnostic AFLP markers were found in any of the examined geographic samples (Gruenthal et al., 2007) .
Non-overlapping composite SSCP genotypes were observed in H. asinina from the east and west coasts suggesting strong genetic population structure of this abalone in Thai waters. Molecular markers for identification of geographic origin of abalone populations found in this study can be utilized for identification of seed stocks and distribution and recruitment of abalone larvae, leading to increased efficiency in fishery management of local H. asinina stocks in Thailand (Klinbunga et al., 2003) . Shephred and Brown (1993) predicted that microgeographic population differentiation within each abalone species probably occurred due to its short planktonic larval stages and limited dispersal ability. Accordingly, intraspecific genetic differentiation of abalone may be found within the scale of a few kilometers. Jarayabhand et al. (2002) examined genetic diversity in H. ovina originating from Chon Buri (N = 24) and Rayong (N = 18) located in the Gulf of Thailand and Trang (N = 18) and Phangnga (N = 11) located in the Andaman Sea by PCR-RFLP of 16S rDNA (approximately 580 bp in length) with BamHI, EcoRI, HaeIII, and AluI. Three composite haplotypes (ABBB, AAAB and AABB) were found across overall specimens. No overlapping haplotypes were found between H. ovina originating from the east (ABBB) and west (AAAB and AABB) coasts of peninsular Thailand.
In contrast, a lack of genetic differentiation of H. asinina in Thai waters was previously reported based on restriction analysis of 16S and 18S rDNAs (Klinbunga et al., 2003) . At a larger geographic level, the phylogeographical structure of H. asinina collected from 16 geographically discrete sites throughout the Indo-Malay Archipelagoes, and eastern Indian and western Pacific Oceans was examined by sequence polymorphism of the mitochondrial cytochrome oxidase subunit II (COII) gene segment (482 bp, N = 206) . Limited sequence divergence among geographic samples ranged from 1.1% between Indian and Indo-Malay sites and 3.7% between Indian and Pacific sites and 3.0% between Pacific and Indo-Malay sites. No finer scale phylogeographical structure was resolved within the respective geographical regions (Imron et al., 2007) . Subsequently, genetic heterogeneity of H. asinina in Thai waters was reported based on polymorphism of three microsatellite loci (CUHas2, CUHas3 and CUHas8). Relatively high genetic diversity and strong population differentiation in H. asinina was found between abalone from the Gulf of Thailand (Samet Island and Cambodia) and Andaman Sea (Talibong Island) (F ST = 0.1977-0.2111, P < 0.0001; Tang et al., 2004) .
Like results from microsatellites, genetic heterogeneity analysis and F ST -based statistics revealed significant genetic differentiation between abalone from different coastal regions (P < 0.0001 for the exact test and F ST = 0.8759-0.8919, P < 0.001, respectively). This consistently confirmed that the gene pool of Thai H. asinina was not panmictic but clearly fragmented into two genetic populations: the Gulf of Thailand and the Andaman Sea, and H. asinina is a low gene flow species.
Similar circumstances on the contrary of population differentiation patterns inferred from different genetic markers, were also reported in the California black abalone (H. cracherodii) sampled from the central California coast and four islands in the Southern California Bight. COI sequence polymorphism (N = 238) between pairs of examined populations was not statistically significant after adjustment by a sequential Bonferroni's correction. In contrast, microsatellite (Hka28) and AFLP data (3 primer combinations) showed significant divergence in multiple pairwise population comparisons and indicated restricted dispersal in H. cracherodii (Gruenthal and Burton, 2008) .
Genetic differentiation of H. asinina could be explained by a major physical barrier as the main current in the Straits of Malacca, which flows from south to north throughout the year (Dale, 1956 ). This should have affected the gene flow levels of H. asinina in Thai waters. In addition, H. asinina needs to settle on specific species of coralline algae after 3-4 days in the planktonic larval stage. The failure to contact a suitable alga within approximately 10 days of hatching usually results in death. These life cycle characteristics suggest a limited dispersal level of H. asinina (Imron et al., 2007) .
Considering the life history, larval development, and dispersing ability of H. asinina, contradictory results on patterns of genetic differentiation of natural H. asinina based on anal-ysis of mitochondrial 16S rDNA (panmictic gene pool; Jarayabhand et al., 2002; Klinbunga et al., 2003) and microsatellites and nuclear HaSCAR 320 , HaSCAR 295 and HaSCAR 327 (fragmented gene pool; Tang et al., 2004 and this study) are likely to have resulted from female founder effects rather than biased female gene flow in this species.
Therefore, the assumption of a large single-breeding stock in Thai H. asinina previously reported based on 16S and 18S rDNA polymorphisms must be changed (Ward and Grewe, 1994; Klinbunga et al., 2003) . Geographically and genetically different populations of Thai H. asinina should be recognized as different stocks and managed separately by fishery managers and government organizations (Carvalho and Hauser, 1994; Conover et al., 2006) .
Genetic diversity and stock origin of domesticated H. asinina
The higher genetic diversity of domesticated stock (CTRGH and CSMaRTH) over wild samples based on polymorphism of HaSCAR 320 , HaSCAR 295 and HaSCAR 327 suggests that inbreeding is not a major concern for the established stocks at present. This status is likely the result of the use of a large number of founders originating from various geographic locations in Thai waters at the beginning of our breeding program. Genotype distribution patterns of HaSCAR 320 , HaSCAR 295 and HaSCAR 327 clearly illustrated that the gene pools of domesticated stocks of H. asinina have been generally maintained by progeny bred from the east coast rather than those from the west coast founders. This obviously revealed greater survival rates and reflected the possible better adaptability of H. asinina from the east (Gulf of Thailand) than the west (Andaman Sea) coasts to the aquacultural conditions. Nevertheless, this finding may be biased by the inclusion of a larger number of founders from the east than the west coast of Thai waters (approximately 70:30) at the beginning of our breeding program.
Significant genetic heterogeneity between CSMaRTH and CTRGH (domesticated stocks) and between CTRGH and wild CAME (east) were observed. Since both domesticated stocks were bred from the same group of founders and offspring were cultured separately in the hatcheries located in different geographic areas (CSMaRTH at SMaRT and CTRGH in Trang province), there is the chance of randomly high mortality rates in cultured abalone. Accordingly, HaSCAR 320 , HaSCAR 295 and HaSCAR 327 should be further used to confirm whether mixed progeny from multiple parents exhibit different survival rates under the same cultivated conditions by using a new stock established from approximately equal numbers of founders from both coastal regions.
In this study, SCAR markers were successfully developed. Polymorphic SSCP patterns of these markers could be further applied to assist genetic improvement and breeding programs of H. asinina; for example, determination of the correlation between genotypes and survival rates after settlement of larvae. In addition, HaSCAR 320 , HaSCAR 295 and HaSCAR 327 markers may be used to monitor effects of aquacultural activity on levels of population differentiation of natural H. asinina in Thai waters.
